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METHODS FOR ESTIMATING TRIBUTARY STREAMFLOW
IN THE CHATTAHOOCHEE RIVER BASIN BETWEEN
BUFORD DAM AND FRANKLIN, GEORGIA

by Timothy C. Stamey

ABSTRACT INTRODUCTION
Simple and reliable methods for estimating hourly Because of widespreaddrapid development in
streamflow are needddr the calibration and the Chattahoochee River basin between Buford Dam,
verification of a Chattahoochee River basin model and Franklin, Ga., a bettanderstanding of the

between Buford Dam and Franklin, Ga. The river basinhydrologic characteristics of the tributary streamflow is
model is being developed by Georgia Department of  required to effectively manage the basin’s water
Natural Resources, Enviroremtal Protection Division, resources. Historically, water-resource management
as part of their Chattahoochee River Modeling Project. decisions were made considering only hot or dry
Concurrent streamflow data collected at 19 continuous-weather conditions. However, as a result of increased
record, and 31 partial-recostreamflow stations, were  growth and development, wet-weather conditions and
used in ordinary least-squarknear regression analyses stormwater runoff also need to be considered to ensure
to define estimating equations, and in verifying adequate water supplies, water control, and water-
drainage-area prorations. The resulting regression or quality allocations within the river basin. These
drainage-area ratio estimating equations were used to management decisions are dependent on the use of a
compute hourly streamflowat the partial-record river basin model being developed by the Georgia
stations. The coefficients dietermination (r-squared Department of Natural Resources, Environmental
values) for the regression estimating equations ranged Protection Division (EPD), which requires reliable

from 0.90 to 0.99. hourly streamflow data.
Observed and estimated hourly and daily This report is the result of a cooperative project
streamflow data were computed for May 1, 1995, between the U.S. Geologicalrvey (USGS) and the

through October 31, 1998 0mparisons of observed EPD. All streamflow data used in this study were
and estimated daily streamflow data for 12 continuous-collected by the USGS and EPD.

record tributary stations, @bt had available streamflow

data for all or part of the period from May 1, 1995, to

October 31, 1995, indicate that the mean error of

estimate for the daily strearofk was about 25 percent.



Purpose and Scope established streamflow stations were located on
tributaries having drainage areas greater than 3 square
miles (m?). Streamflow measurements are used in
ordinary least-squares lineaagression analyses to
define estimating equations and to verify the use of
basin-adjustment factors ftre 47 selected tributaries

This report describes:

« the hydrologic conditions in the
Chattahoochee River basin from Buford
Dam downstream to Franklin, Ga.;

’ the_ met.hods used to develop _equatlpns for in the study area. These estimating equations were
estimating hourly and computing dr_:uly developed and used to compute hourly and daily
st_reamflow at 47 Chattahoochee River streamflow for the partial-record tributaries for the
tributaries; and period May 1, 1995, through October 31, 1995. The

* the method used to transfer the observed streamflow-estimating equations are based on analyses
and estimated streamflow from each gaged of concurrent streamflomeasurements or drainage-
location to the mouth of each tributary. area ratios at 18 continus-recording streamflow

stations (data from onsontinuous-recording
streamflow station were not available during
May 1-October 31, 1995) and 32 partial-record
streamflow stations (fig. 1, tables 1, 2).

Between April 1994 athDecember 1995, 13
continuous-recording and 31 partial-record streamflow
stations were established in the study area between
Buford Dam and Franklin, Ga. (fig. 1). The newly
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Figure 1. Study area and locations of continuous-record and partial-record streamflow stations.



Table 1. Drainage-area data for tributary watersheds, in downstream order
[NA, not applicable; NF, no flovin stream due to diversion; fnsquare miles]

Drainage area at

Site data-collection Drainage area
number Watershed name ) at mouth
(fig. 1) location (mi?)

(mi©)
1 Haw Creek 1.7 3.8
2 Richland Creek 8.8 10.6
3 James Creek 15.1 15.2
4 Level Creek 8.2 9.1
5 Dick Creek 7.1 8.8
6 Suwanee Creek 46.8 51.2
7 Johns Creek 11.6 131
8 Unnamed Creek 2.4 3.7
9 Crooked Creek 8.5 9.2

10 Ball Mill Creek 3.2 3.5

11 Big Creek 75.6 103

12 Willeo Creek 16.1 19.8

13 March Creek 4.8 5.3

14 Sope Creek 32.3 35.4

15 Long Island Creek 6.2 6.4

16 Rottenwood Creek 19.5 19.6

17 Peachtree Creek 86.8 131
17A Nancy Creek (sub-waterstl to Peachtree Creek) 37.0 38.0

18 Proctor Creek 15.9 16.4

19 Nickajack Creek 31.7 36.7

20 Sandy Creek 4.2 51

21 Utoy Creek 33.9 34.2

22 Sweetwater Creek 246 264

23 Camp Creek 45.1 46.8

24 Deep Creek 29.2 29.9

25 Anneewakee Creek 28.1 29.9

26 Tuggle Creek 3.1 3.2

27 Pea Creek 135 14.5

28 Bear Creek (Douglas County) 17.0 17.3

29 Bear Creek (Fulton County) 26.3 29.0

30 Dog River 78.4 78.5

31 Hurricane Creek 5.6 10.1

32 Wolf Creek 16.7 16.8

33 White Oak Creek 16.1 16.6

34 Snake Creek 35.5 49.2

35 Cedar Creek 43.2 51.8
35A Panther Creek (sub-watershed to Cedar Creek) 4.4 4.7

36 Wahoo Creek 33.3 34.6

37 Thomas Creek 8.0 8.9

38 Moore Creek 34 35

39 Acorn Creek 10.8 11.2

40 Whooping Creek 27.1 314

41 Yellowdirt Creek NF NF
41A Plant Wansley outfall NA NA

42 Pink Creek 9.3 10.2

43 Hilly Mill Creek 11.0 12.4

44 Red Bone Creek 2.0 3.0

45 Nutt Creek 5.0 5.1

46 Harris Creek 6.1 7.4

47 Centralhatchee Creek 56.8 58.8




Table 2. Period of available data for continuous-record tributary streamflow stations in the study area

Site

number Station Station name Available data
(fig. 1) number
2 02334480 Richland Creekear Buford September 29, 1995 to December 31, 1996
6 02334885 Suwanee Creek near SuwaHee October 1, 1984 to September 30, 1997
7 02335078 Johns Creek near Warsaw April 13, 1995 to September 30, 1997
11 02335700 Big Creek near Alphare&é May 1, 1960 to September 30, 1997
14 02335870 Sope Creek near Marieta October 1, 1984 to September 30, 1997
16 02335912 Rottenwood Creek at Atlanta September 29, 1995 to September 30, 1996
17 02336300 Peachtree Creek at Atlafta June 20, 1958 to September 30, 1997
17A 02336410 Nancy Creek at Atlanta. August 22, 1994 to September 30, 1997
18 02336529 Proctor Creek near Atlanta April 27, 1995 to September 30, 1997
19 02336635 Nickajack Creek near Mableton October 2, 1995 to September 30, 1997
21 02336728 Utoy Creek near Atlanta August 31, 1994 to September 30, 1996
22 02337000 Sweetwater Creek near Austéll March 24, 1937 to September 30, 1997
24 02337160 Deep Creek near Tell October 2, 1995 to September 30, 1997
29 02337320 Bear Creek near Rico April 28, 1995 to September 30, 1997
34 02337500 Snake Creek near Whitestrg September 15, 1954 to September 30, 1997
36 02338185 Wahoo Creek near Sargent December 4, 1995 to December 31, 1996
40 02338280 Whooping Creek near Whitesburg August 31, 1994 to December 31, 1996
41A 202338314 Plant Wansley outfall near Glenloch April 28, 1995 to December 31, 1996
47 02338400 Centralhatchee Creek near Franklin ~ August 31, 1994 to December 31, 1996

Ustation records availadlprior to April 1994.
2ZIstation is a permitted outfall for powerapk and is not a free-flowing tributary.



Table 3. Tributary watershed analysis data used for May 1, 1995 to October 31, 1995

[—, not applicable; FC, Fulton County; N# flow in stream due to diversion]

Watershed Regression equation
Site Index station i , Drainage-area Coefficient of Basin-adjustment
number Name Slope Intercep} - L
(fig. 1) ratio determination factor
1 Haw Creek Johns Creek — — 0.15 — 2.18
2 Richland Creek Suwanee Creék 0.14 2.7 — 0.95 1.20
3 James Creek Johns Creek — — 1.30 — 1.00
4 Level Creek Johns Creek — — 0.71 — 1.11
5 Dick Creek Johns Creek — — 0.61 — 1.25
6  Suwanee Creek Suwanee Creek — — — — 111
7  Johns Creek Big Creek/ 0.07 0.8 — 0.99 1.13
8  Unnamed Creek Johns Creek — — 0.21 — 1.53
9  Crooked Creek Sope Creek 0.34 -0.7 — 0.90 1.09
10 Ball Mill Creek Sope Creek — — 0.10 — 1.09
11 Big Creek Big Creek — — — — 1.36
12 Willeo Creek Big Creek 0.22 -0.3 — 0.92 1.23
13  March Creek Nancy Creek — — 0.13 — 1.09
14  Sope Creek Sope Creek — — — — 1.10
15 Long Island Creek  Nancy Creek — — 0.17 — 1.03
16 Rottenwood Creek Sope Cree¥ 0.54 1.0 — 0.92 1.01
17 Peachtree Creek Peachtree Creek — — — 3y Nancy Creek x 1.10
17A Nancy Creek Peachtree Creek 0.72 -6.0 — 0.91 —
18 Proctor Creek Peachtree Creek — — 0.18 — 1.03
19 Nickajack Creek Sope Cree¥ 1.16 1.1 — 0.90 1.16
20 Sandy Creek Peachtree Creek 0.05 -0.2 — 0.92 1.20
21 Utoy Creek Peachtree Creék 0.25 8.0 — 0.96 1.01
22  Sweetwater Creek  Sweetwater Creek — — — — 1.00
23 Camp Creek Bear Creek (FC) — — 1.72 — 1.04
24  Deep Creek Bear Creek (Féf — — 1.11 — 1.02
25 Anneewakee Creek Snake Creek 0.92 -1.9 — 0.93 1.06
26  Tuggle Creek Bear Creek (FC) — — 0.12 — 1.02
27 PeaCreek Bear Creek (FC) — — 0.51 — 1.07
28 Bear (Douglas) Bear Creek (FC) — — 0.65 — 1.02
29 Bear Creek Snake Creek 0.79 -3.0 — 0.90 1.10
30 Dog River Bear Creek (FC) — — 2.98 — 1.00
31 Hurricane Creek Snake Creek 0.11 2.0 — 0.97 1.80
32  Wolf Creek Snake Creek 0.44 -0.6 — 0.95 1.01
33  White Oak Creek Bear Creek (FC) — — 0.61 — 1.03
34  Snake Creek Snake Creek — — — — 1.32
35 Cedar Creek Snake Creek 1.20 -10 — 0.90 3+ panther Creek x1.05
35A Panther Creek Snake Creek 0.10 -0.5 — 0.94 —
36 Wahoo Creek Snake Creek 0.80 -6.0 — 0.90 1.04
37 Thomas Creek Whooping Creek — — 0.29 — 1.12
38 Moore Creek Whooping Creek — — 0.13 — 1.01
39 Acorn Creek Whooping Creek — — 0.40 — 1.04
40  Whooping Creek Snake Creek 0.62 0.4 — 0.94 1.16
41 Yellowdirt Creek NF NF NF — — NF
41A Plant Wansley outfall Snake Cree¥ 14 8.6 — 0.90 1.00
42 Pink Creek Snake Creek 0.26 -0.02 — 0.96 1.10
43 Hilly Mill Creek Snake Creek 0.28 -2.2 — 0.90 1.13
44  Red Bone Creek Snake Creek 0.09 -1.1 — 0.96 1.50
45  Nutt Creek Snake Creek 0.15 -1.7 — 0.97 1.02
46  Harris Creek Snake Creek 0.20 -1.8 — 0.98 1.20
47  Centralhatchee CreekSnake Creek 1.0 17 — 0.92 1.04

Vsee Appendix A for explanation.
2ZIstreamflow stations used for estimates and compasisf continuous-record and partial-record periods.

3/Add subwatershed data and multiply basin-adjustment factor.
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Description of Chattahoochee River Basin
Study Area

The Chattahoochee River basin study area
encompasses about 1,640 square mile®) finim
Buford Dam at river mile 348.3 to Franklin, Ga., at
river mile 232.2 (fig. 1), and coincides with EPD’s
Chattahoochee River Modeling Project (CRMP) area.
The average channel slope fbis 116.1-mile reach is
about 2.5 feet/mile, with approximate altitudes of
912 feet (ft) above sea level downstream of Buford
Dam and 624 ft at Franklin.

The study area is divided into 47 tributary
watersheds, each equal to or larger than®3 mi
(fig. 1, table 1). These watersheds include two sub-
watersheds and one permitted outfall, for a total of 50
tributary stations; and comprise about 1,416, i
about 86 percent of the study area. The remaining
230 m# includes drainage of tributary watersheds of
3 m# or less and mainstem sections of the
Chattahoochee River.

METHODS OF ANALYSES
FOR ESTIMATING TRIBUTARY
STREAMFLOW

Simple and reliable methods for estimating hourly

and computing daily tributary streamflow are needed by

EPD for an input dataset for calibration of their river
basin model. Methods used to analyze and estimate
tributary streamflow data include ordinary linear least-

Regression Analysis

Ordinary least-squares &ar regression analyses
(SAS Institute, Inc., 1990) were used to develop the
estimating equations for 25 81 partial-record tribu-
tary streamflow station§.hese estimating equations
were developed from concurrent streamflow data
collected at the continuouscord and partial-record
stations during the 1994-96 data-collection period. The
number of streamflow meagments available for use
in the regression analysageraged about 17 measure-
ments per station, and ranged from a minimum of 6 to a
maximum of 37 during the data-collection period
(Appendix A). Streamflow data are placed in a SAS data
set and are regressed agaaech other using standard
regression procedures (SAS Institute, Inc., 1990).
Comparisons were made with several different
continuous-record and partial-record stations to deter-
mine the best correlated stas. Index stations with the
best correlations used in determining the streamflow
estimating equations, were generally within the closest
proximity to partiadrecord stations. Occasionally, the
estimating equations computetteamflow values that
were less than zero for twrartial-record stations.

These less than zero streaomflvalues were converted
to zero flow values. Coeffients of determination
(r-squared values) fadhe computed regression
estimating equations range from 0.90 to 0.99.

Log transformation of the data was attempted as
part of the analyses, bptoduced extremely large
estimates for high runo#fvents. The ordinary least-
squares regression analygesvided the best overall

squares regression analyses (SAS Institute, Inc., 1990) estimating method. A more detailed description of the

drainage-area ratio analysesm selectedontinuous-
and partial-record stations, and USGS automated
processing applications (U.S. Geological Survey,
1990). Continuous streamflow data were collected at
only 6 tributary locations prior to 1994 (table 2).

Additional continuous-record tributary streamflow data,

to be used as correlation-index stations, were needed
to accurately estimate streamflow data for the EPD
river basin model. Therefore, 13 tributary continuous-
record streamflow stations and 31 partial-record
streamflow stations werestalled and operated from
April 1994 through Decembd©96. Streamflow data
collected were used theveloping the estimating
equations at all tributary locations (tables 1, 2, and 3).
Streamflow data were owpiled and computed on a
routine basis from stage-discharge ratings developed
for each continuousecord station. Streamflow data
were collected at the pgal-record stations on a
periodic basis.

regression procedures, aexbmples, are included in
Appendix A.

Drainage-Area Ratio Analysis

At the request of EPD, 4 of the 13 newly
implemented streamflow dtans were selected as
index-correlation stations to develop drainage-area
ratios (DAR) for use in estimating streamflow for 19
partial-record tributary stations (tables 2 and 3). These
selections were based on watersheds having similar |
and use and that were adjatctnor in cbse proximity
to the partial-record stations. The DAR of each partial-
record station was determined by dividing the drainage
area for that station by tlirainage area of the index
station. The resulting DARstimates were verified
during low-flow conditions by concurrent streamflow
data collected at theseeamflow stations. A more
detailed description of the DAR procedures, and
examples, are included in Appendix A.



Both of the estimating methods, ordinary linear stations (index stations) atdnsferring that data to all
least-squares regression and drainage-area ratio, of the associated tributasfations in the ADAPS data
produced simple and reliable estimating equations thatbase. The equations then were input into ADAPS for
are easily applied in estiating streamflow at the each station as determined from regression analyses or
partial-record stations. Thestimated streamflows were drainage-basin ratios, as previously discussed. The
compared to observesireamflow where ADAPS processing systemeth computes the hourly
available—results of thessmparisons are discussed and daily streamflow data using the estimating equa-
in the section of this report “Comparisons of Observed tions and the observed streffow data for each station.
and Estimated Tributary Streamflow Data” and shown

graphically in figures 2-13. Computed streamflows were compared to
observed streamflows when concurrent data were-avalil
Basin-Adjustment Factor Analysis able. In some cases, estimated streamflows were
A basin-adjustment factor (BAF) was determined adjusted during data processing to better duplicate the
at each of the 47 tributastreamflow stations to concurrent observed streamflows by applying a stream

transfer the estimated and ebged streamflow datato ~ flOW correction based on the difference between the
the tributary mouth. The BAFs are based on drainage- €Stimated and observedesimflow measurements

area prorations between the gaged location and the ~ Made at specific dates anthés. For example, if the
tributary mouth. The BAFs were verified at several estimated streamflow for October 1, 1995 at 1200 hours

tributaries by making concurrent streamflow measure- Was 10 ft/s, and the observed oreasured streamflow
ments during low-flow periods, near the mouth and at Was 8 fé/s, a -2 fé/s correction would be applied to get
the gaged location on the tributaries. The BAF was the two values to match. The correction was always

verified by converting the measured streamflow in prorated from a previous observed date, time, and dif
cubic feet per second #6) at the mouth and gage ference in streamflow to reflect the concurrent known
location to a cubic foot per square miléti2) value.  Streamflow, if available.

This was accomplished lgjviding the measured
streamflows by the respectiugbutary drainage areas
at the confluence with thehattahoochee River and at
the tributary gage locatn where concurrent
streamflow data were celtted. In all cases where
concurrent streamflow dateere available, the¥mi?
values for each tributary werearly equal at the mouth
and gage location; thus, verifying the use of the
drainage-area proration values as the basis for
determining BAFs. The resulting basin-adjustment ACCURACY OF METHODS
factors are shown in tabdB. A more detailed
explanation, along with examples of the data-analysis
procedures, are included in Appendix A.

Once the estimates were computed, hourly and
daily streamflow data were checked for processing
errors and subjected tasidard USGS quality-control
procedures (U.S. Geological Survey, 1990). The
finalized data were then output and converted to a
tab-delimited format and made available for the
CRMP model.

The accuracy of the estating equations derived
from the data analyses depends on the accuracy and
number of concurrent streamflow measurements,

Data-Processing Application rainfgll-distripytion patterns, the stage-discharge
Esti ¢ hourl 4 dail " relation stability at a continuous-record station, and
Stl;natgs 0 h OurSyGaSnA aily strza[r)n ovvaere . most importantly, the degree of hydrologic similarity
computed using the U utomated Data rocessmgtcorrelation) between the index and partial-record
System (ADAPS) for May 1 through October 31, 1995
from the corresponding continuous-record (index locations also are important criteria for determining

stations) and partial-recosdreamflow-data-collection accuracy of streamflow chatadistics. However, given

?tat|onsb,lus3|n%':he (_asumatmg equ:nonj and Imcormat'orl:ertain time constraints and limited available tributary
rom table 3. The tributary streamflow data were streamflow data, it was considered to be more

processed for the 50 tritary stations in the ADAPS important to collecan adequate nureb of streamflow

data basg an_d the es(tjlmtiléeGdSstreamgow dabaswere measurements over a wide range of flow conditions at
computed using standa procedures (U.S. as many stations as pdss. The accuracy of the

Geological Survey, 1990). The first part of the process estimated and observed strdlmw data at 12 tributary

mc(ljug'edhcollecgon andr(]:ompllatmn of st(;eam-s;;’:\ge continuous-record stationseacompared in table 4 and
and discharge data at thentauous-recordtreamflow are discussed in the following section.

' stations. Normally, the lengths of record for the gaged



Comparisons of Observed and Estimated flow of about 25 percent (table 4, figs. 2-13). Estimates
Tributary Streamflow Data for the remaining 32 partial-record tributary stations

Comparisons were performed on observed and that do not have continuous streamflow data are
estimated daily tributary streamflow data from 12 new Pelieved to have about thensa mean-error of estimate.
continuous-record stations in operation from May 1,
1995 to October 31, 1995, to obtain a more practical
evaluation of the statisticahlidity and an overall
representation of the agewy of the estimating

The accuracy of estimating equations may be
improved with additional stamflow measurements
and data analysis—especially for periods of high

. ble 4). Hvd hs of dail streamflow. Most tributary stations could not be
equations (table .)' yarograp ; ot darly ;:on(r:]urrent measured during high runoff periods; therefore, higher
observed and estimated streamflow data for these 12 mean error of estimates resdtbecause of the lack of

stations are shown in figures.2-13. Comparisop ‘?f da”yconcurrent high streamflomeasurements. The larger
streamflow data show the daily and period variations
(May 1, 1995 to October 31, 1995) in selected stream-
flow characteristics and aage-percent errors for the
observed and estimated streamfldata (table 4). Even
though estimatingrocedures are not as accurate as
observed continuous data-collection methods, the
results indicate that thestimating equations and
methods used can provide a reliable estimating proce-
dure, with a mean error ektimate for daily stream-

errors for the higher streamflow estimates were most
pronounced in October 1995, because of significantly
higher-than-normal streamflow resulting from Tropical
Storm Opal. National Weath&ervice reports indicate
about 8 to 10 inches of rain occurred in the study basin
(National Weather Service, written comm., 1995). Most
streamflow were measured during baseflow conditions;
and therefore, resulted lower error of estimates for

the low or minimum streamflow conditions (table 4).

Table 4. Comparison of selected characteristics of observed and estimated daily streamflow for
continuous-record tributary stations for the period May 1, 1995 to October 31, 1995

[ft%s, cubic feet per second]

Total daily streamflow Maximum streamflow Minimum streamflow
Observed Estimated Error of estimate Observed Estimated Error of estimate  Observed Estimated  Error of estimate
(ftSrs) (ft3s) (percent) (ftrs) (ft3rs) (percent) (ftrs) (ftSrs) (percent)
02334480 Richland Creek near Buford, Ga.—site 2
1,218 894.4 26.6 514 392 23.7 4.3 35 18.6
02335078 Johns Creek near Warsaw, Ga.—site 7
3,056 1,504 50.8 759 138 81.8 1.1 15 36.4
02335912 Rottenwood Creek at Atlanta, Ga.—site 16
3,280 1,862 43.2 1,530 748 51.1 8.0 8.1 1.2
02336410 Nancy Creek at Atlanta, Ga.—site 17A
15,558 18,936 21.7 3,000 4,530 51.0 4.0 3.2 20.0
02336529 Proctor Creek near Atlanta, Ga.—site 18
4,750 5,206 9.6 1,100 1,170 6.4 3.0 2.8 6.7
02336635 Nickajack Creek near Mableton, Ga.—site 19
2,960 3,983 34.6 1,180 1,610 36.4 14.0 14.0 0
02336728 Utoy Creek near Atlanta, Ga.—site 21
6,927 8,294 19.7 1,700 1,630 4.12 5.0 4.1 18.0
02337160 Deep Creek near Tell, Ga.—site 24
2,550 2,790 9.4 1,000 1,190 19.0 9.0 7.9 12.2
02337320 Bear Creek near Rico, Ga.—site 29
5,049 3,944 21.9 1,070 688 35.7 6.4 5.7 10.9
02338280 Whooping Creek near Whitesburg, Ga.—site 40
3,773 3,231 14.4 1,070 543 49.2 4.5 4.6 2.2
02338314 Plant Wansley Outfall near Glenloch, Ga.—site 41A
2,883 2,444 15.2 58 131 126 9.5 10.0 5.3
02338400 Centralhatchee Creek near Franklin, Ga.—site 47
9,292 6,085 34.5 2,700 876 67.6 7.5 6.9 8.0
Mean errors of estimate
T 2851 T 460 T 116
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Figure 2. Comparison of observed and estimated daily tributary streamflow data
for Richland Creek near Buford, Georgia.

02335078 Johns Creek near Warsaw, Georgia (Site 7)
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Figure 3. Comparison of observed and estimated daily tributary streamflow data for
John Creek near Warsaw, Georgia.
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02335912 Rottenwood Creek at Atlanta, Georgia (Site 16) 3
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Figure 4. Comparison of observed and estimated daily tributary streamflow data for
Rottenwood Creek near Atlanta, Georgia.

02336410 Nancy Creek at West Wesley Road at Atlanta, Georgia (Site 17A)
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Figure 5. Comparison of observed and estimated daily tributary streamflow data for
Nancy Creek at West Wesley Road at Atlanta, Georgia.
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02336529 Proctor Creek near Atlanta, Georgia (Site 18)
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Figure 6. Comparison of observed and estimated daily tributary streamflow data for
Proctor Creek near Atlanta, Georgia.

02336635 Nickajack Creek near Mableton, Georgia (Site 19)
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Figure 7. Comparison of observed and estimated daily tributary streamflow data for
Nickajack Creek near Mableton, Georgia.
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02336728 Utoy Creek near Atlanta, Georgia (Site 21)
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Figure 8. Comparison of observed and estimated daily tributary streamflow data for
Utoy Creek near Atlanta, Georgia.
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Figure 9. Comparison of observed and estimated daily tributary streamflow data for
Deep Creek near Tell, Georgia.
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Figure 10. Comparison of observed and estimated daily tributary streamflow data for
Bear Creek near Rico, Georgia.
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02338280 Whooping Creek near Whitesburg, Georgia (Site 40)
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Figure 11. Comparison of observed and estimated daily tributary streamflow data for
Whooping Creek near Whitesburg, Georgia.
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02338314 Plant Wansley Outfall near Glenloch, Georgia (Site 41A)
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Figure 12. Comparison of observed and estimated daily tributary streamflow data for
Plant Wansley Outfall near Glenloch, Georgia.
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Figure 13. Comparison of observed and estimated daily tributary streamflow data for
Centralhatchee Creek near Franklin, Georgia.
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SUMMARY Observed and estimated hourly and daily
] . o streamflow data were computed for May 1, 1995
Simple and reliable methods for estimating hourly 4,5,k October 31, 1995, and furnished to the Georgia
streamflow are needéddr the calibration and Department of Natural Reurces, Environmental
verification of the Chattahoochee River basin model  pyqtection Division, as part of their river basin model
from Buford Dam to Franklin, Ga. The model is being  ¢jibration and verification pcedures. Comparisons of

developed by Georgia Department of Natural observed and estimated daily streamflow data made at
Resources, Environmental Protection Division, as part 12 continuous-record tributary stations, which had

of their Chattahoochee River Modeling Project. The .\ silable streamflow data fail or part of the period

streamflow data provided for the river basin modelis  fm May 1, 1995 to October 31, 1995, indicate that the

only one component of the model which can allow  ean error of dsnate for the daily streamflows was
water managers and regulators to make effective about 25 percent.

decisions within this part of the basin.

Streamflow data were collected for 47 SELECTED REFERENCES
Chqttahooc_hee Ri_ver tributaries (50 strearr;flovy Iman, R.L.. and Conover, W.J., 1983. A modern
stations), with drainage areas gr_eater than‘3 mi approach to statistics: New York, N.Y., John Wiley
between Buford Dam and Franklin, Ga. The streamflow and Sons, 497 p.
data were collected from April 1993 through October
1995 by the U.S. Geological Survey and the Georgia Kennedy, E.J., 1984, Discharge ratings at gaging sta

Environmental Protection Division. This report tions: U.S. Geological Survey Techniques of
describes methods used in developing estimating Water-Resources Investigations, book 3, chap.
equations for computing hourly and daily streamflow A10, 59 p.

for the 47 tributary watersheds for input into the river  p.STAT, Inc., 1989, Regression-linear relationships in
basin model. user's manual: Princeton, N.J., ISBN

As of April 1994, there were only 6 continuous- 0-933754-08-06, v. llp. 42.1—42.27.

record tributary streamflow stations in the study area. Riggs, H.C., 1972, Low-flow Investigations: U.S. Geo
The tributary streamflow data collection network was logical Survey Techniques of Water-Resources
expanded during 1994 and 1995 by establishing an Investigations, book 4, chap. B1, 18 p.

additional 13 continuous-record streamflow stations. gag Institute, 1990, SAS user's guide to statistics, 1990
Concurrent streamflow data collected from the network edition: Cary, N.C., SAS Institute, Inc., 890 p.

of 19 continuous-record and 31 partial-record

streamflow stations were used in ordinary least-squarestedinger, J.R., and Thomas, W.0O., Jr., 1985, Low-flow
linear regression analystsdefine estimating frequency estimations using baseflow measure

equations and in verifying drainage-area prorations. ments: U.S. Geological Survey Open-File

The resulting regression or drainage-area ratio Report 85-95, 22 p.

estimating equations were used to compute hourly U.S. Geological Survey, 1990, Automated Data Precess
streamflows at the partieecord stations. The ing Systemijn G.R. Dempster, Jrcémpiler),
coefficients of determinain (r-squared values) for the National Water Information System User's Manual:
computed regression estimating equations ranged from U.S. Geological Survey Open-File Report 90-116,
0.90 to 0.99. chap. 11, p. 11-1—11-28.

Because there are no other major inflows between
the gaged locations and the tributary mouths, simple
basin-adjustment factors ugidrainage-area prorations
were developed and used to transfer streamflow data
from the gaged locations to the mouth of the tributaries.
Additional concurrent streamflow measurements also
were made to confirm the applicability of the basin-
adjustment factors.
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APPENDIX A—EXAMPLES OF applicable estimated data shown previously in
DATA-ANALYSIS PROCEDURES figures 2-13. The number of streamflow
measurements and the ranigeneasured streamflow
are included as additional information that may be later
utilized in interpreting the overall accuracy of the
estimating methods.

This section includes detailed descriptions and
examples of procedures fire ordinary least-squares
regression analysis, detamation of drainage-area
ratios, and determination of basin-adjustment factors

that were used in this study. Example of procedure for determining drainage-area
i , ratios: Drainage areas used in this study were deter-
Example of ordinary least-squares regression mined by USGS and/or EPD from USGS topographic

procedure: The regression procedure involves the
collection and analysis of nourrent streamflows from
the continuous-recording gages (index stations) and

partial—record stations. Tretreamflow data_ are placed ey station. The drainage area for James Creek—site
in a SAS data set and are regressed against each otheé’ near Buford, Ga., is 15.2 ?r(partial—record station)

using standard regression procedures (SAS Institute, 5. for 02335078 Johns Creek—site 7, near Alpharetta,
Inc., 1990). Comparisons are made with several Ga., (index station) is 11.6 fiThe computed DAR for
different continuous-recording gages and partlal-record\]ames Creek is 1.31, as determined by dividing 15.2 by
stations to determine thediecorrelated stations. The 11.6 (tables 1, 3). The hourly streamflow at the index
index stations that have tbest correlatios and that station is mult}plied by 1.31 (for this example), to

are generally in close proximity to partial-record compute corresponalj estimated hourly streamflow at
stations are used in determining the streamflow the partial-record station.

estimating equations.

maps. To determine the drainage-area ratios (DAR) of
the partial-record statiodjvide the drainage area for
the partial-record station lihe drainage area of the

One of the two estimating methods, as described

_ The data for 02337500 Snake Creek near _in the above two examples, was used in this study to
Wh'teSb“fgv Ga (index station—site 34) and the partlal'determine the estimated houthbutary streamflow at
record station on Anneewag Creek—site 25 (table 3), each of the partial-recostations. The computation

are listed in table AL procedure was accomplished by using the USGS data

The form of the estimating agtion from the regression base processing programs in ADAPS (U.S. Geological

analysis (SAS Institute, Inc., 1990) is: Survgy, 1990). The regression e_quationg or.DAR’s
y=mx+b (1) were input into the data processing applications in
ADAPS for the selected index stations and used to
where compute the hourly and idlastreamflow for the
y is the estimated streamflow at partial- corresponding partial-recm stations (table 3).
record station (Anneewakee
Creek—site 25), in cubic feet Example of determining basin-adjustment factors:
per second; The final step in the data processing was to determine
m is regression coefficient (slope) deter the streamflow at the confluence of each of the
mined from regression analysis; 47 selected tributaries toettChattahoochee River. This
X is the streamflow at the index station in was accomplished by computing a basin-adjustment
cubic feet per second (Snake factor (BAF). This is basically the same method as
Creek—site 34); and described in determining the above DAR example. The
b s the regression constant (intercept) in BAF is determined by takingibutary drainage area at
cubic feet per second. the confluence with th€hattahoochee River and

dividing it by the drainage area at tributary station were
streamflow data were tected. For example: The
drainage area for March Creek—site 13, is 5.3ani
y = .92 (Snake Creek—site 34) -1.9 ) the confluence with Chattahoochee River and is 428 mi
at data-collection point. The BAF is 1.10, as
A summary of streamflowneasurements used in  determined by dividing 5.3 by 4.8 (table 3). After the

The estimating equationaftle 3) computed for
this set of data is:

developing estimating equations for the remaining BAF’s were determined arapplied to the streamflow
tributary stations using ordinary least-squares data for all 47 tributaries, the data were output and
regression analyses is included in table A2. The range transferred to separate tab-delimited files to meet the
of measured streamflow cée compared with the EPD river basin model input format requirements.
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Table Al. Concurrent streamflow data collected at Snake Creek—site 34, and Anneewakee
Creek—site 25, near Whitesburg, Georgia, used in least-squares regression procedure

[ft3/s, cubic feet per second]

Streamflow
Date Snake Creek—site 34  Anneewakee Creek—site 25
(index station) (partial-record station)
(ft3s) (ft3/s)
August 12,1993 22 17.4
September 1, 1993 14 9.6
September 22, 1993 14 14.9
October 19, 1993 13 11.2
November 4, 1993 17 14.6
May 9, 1994 37 32.0
May 23, 1994 28 22.5
June 7, 1994 29 21.5
June 21, 1994 19 14.0
July 20, 1994 64 56.8
August 17, 1994 78 76.9
August 31, 1994 38 201
September 15, 1994 32 26.9
September 29, 1994 35 32.3
October 17, 1994 58 55.4
May 22, 1995 43 24.5
June 6, 1995 37 29.6
June 20, 1995 31 20.6
July 5, 1995 26 29.1
July 19, 1995 16 10.0
August 2, 1995 11 10.5
August 16, 1995 12 9.0
August 30, 1995 15 18.1
September 28, 1995 16 16.5
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Table A2. Summary of streamflow-measurement data used in the least-squares regression analyses
[ft3/s, cubic feet per second]

Streamflow
Site
number Stream name Number of Minimum Maximum
(fig. 1) measurements used measured measured
(ft3/s) (ft3s)
2 Richland Creek 21 4.3 16.1
7 Johns Creek 10 14 10.3
9 Crooked Creek 15 1.3 9.7
12 Willeo Creek 27 1.0 35.2
16 Rottenwood Creek 17 4.6 26.2
17A Nancy Creek 21 3.2 84.6
19 Nickajack Creek 19 7.9 45.0
20 Sandy Creek 26 0.3 10.1
21 Utoy Creek 37 6.6 332
25 Anneewakee Creek 24 9.0 76.9
29 Bear Creek 18 5.6 96.0
31 Hurricane Creek 7 2.6 9.3
32 Wolf Creek 27 4.3 51.3
35 Cedar Creek 23 2.9 126
35A Panther Creek 13 0.9 6.9
36 Wahoo Creek 25 4.7 76.7
40 Whooping Creek 14 3.1 49.9
41A Plant Wansley outfall 15 151 75.0
42 Pink Creek 6 1.0 18.0
43 Hilly Mill Creek 20 1.0 14.9
44 Red Bone Creek 7 0.1 5.2
45 Nutt Creek 7 0.1 8.6
46 Harris Creek 7 0.2 11.5
47 Centralhatchee Creek 10 7.0 101
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